In calcineurin-induced cardiac hypertrophy expression of Nav1.5, Cx40 and Cx43 is reduced by different mechanisms.
Alterations in expression levels of Na(v)1.5, Cx43 and Cx40 have been frequently reported in cardiac disease and are associated with the development of arrhythmias, but little is known about the underlying molecular mechanisms. In this study we investigated electrical conduction and expression of Na(v)1.5, Cx43 and Cx40 in hearts of transgenic mice overexpressing a constitutively active form of calcineurin (MHC-CnA). ECG recordings showed that atrial, atrioventricular and ventricular activation were significantly prolonged in MHC-CnA hearts as compared to wildtype (WT) littermates. Epicardial activation and arrhythmia susceptibility analysis revealed increased ventricular activation thresholds and arrhythmia vulnerability. Moreover, epicardial ventricular activation patterns in MHC-CnA mice were highly discontinuous with multiple areas of block. These impaired conduction properties were associated with severe reductions in Na(v)1.5, Cx43 and Cx40 protein expression in MHC-CnA hearts as visualized by immunohistochemistry and immunoblotting. Real-time RT-PCR demonstrated that the decreased protein levels for Na(v)1.5 and Cx40, but not for Cx43, were accompanied by corresponding reductions at the RNA level. Cx43 RNA isoform analysis indicated that the reduction in Cx43 protein expression is caused by a post-transcriptional mechanism rather than by RNA isoform switching. In contrast, RNA isoform analysis for Cx40 and Na(v)1.5 provided additional evidence that in calcineurin-induced hypertrophy the downregulation of these proteins originates at the transcriptional level. These results provide the molecular rationale for Na(v)1.5, Cx43 and Cx40 downregulation in this model of hypertrophy and failure and the development of the pro-arrhythmic substrate.